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It has been found out that in countries with a high level of industrializa-
tion and urbanization diseases of the cardiovascular system cause death in nearly 
57 per cent of the total number of registered fatal cases (16). This is ascribed 
to a complex of noxious factors, including pollution of the environmental 
atmosphere and direct exposure of workers engaged in a variety of productions 
to the effect of a number of harmful industrial factors over a prolonged period 
of time. 
Metals play an important role in the growing incidence of cardiovascular 
diseases. Thus in occupational contact with lead aerosols, variations in the 
heart rhythm (10), as well as evidence of heart contractile capacity impairment 
have been described. In the myocardium of animals receiving lead acetate with 
drinking water, degenerative changes in the myofibrils with involvement of 
subcellular structures have been discovered (11, 17). In workers engaged in the 
production of barium salts (13), and in exposure to high concentrations of 
barium compounds, a two-fold increase in the morbidity rate of the cardio-
vascular system (13) and impairment of cardiac conductivity (12) have been 
observed. It was established that mercury leads to ischemia of the myocar-
dium with marked E C G changes (9), and in addition exerts a cardiosclerotic 
effect (16). Myocardiopathy has been also described in the course of cobalt 
treatment (16, 15). Copper like zinc, irrespective of the fact that plays an essen-
tial biological role in the development of a number of processes in the human 
and animal organism (4, 5, 14, 18), similarly exerts a cardiotoxic effect under 
definite conditions. For instance, the acute and chronic intoxication with 
zinc and copper compounds causes disturbances in the cardiac rhythm and 
auricular conductivity. 
Proceeding from the data outlined above, as well as from earlier researches 
supporting the statement that some of the heavy metals exert a sclerotic effect 
on the cardiovascular system (1, 2, 3, 7, 8), we made it our aim to study the 
influence of copper, received for a long period of time, on the myocardium of 
laboratory animals. In addition, with this experiment an attempt was made 
at finding out: a) the dose-effect relationship, and b) whether or not a difference 
dependent on the age of animals existed. 
For the purpose an experimental study was conducted in 160 male white 
rats of the Wistar line, distributed in two basic age groups: sexually mature 
and sexually immature. Experimental and control animals were kept in equal 
conditions and fed ordinary diet. Eighty animals experimented upon were 
given water solution of cupric sulfate at dose 1/20 L D 6 0 or 1/100 L D 5 0 , per o$, 
v ia gastric probe every other day, over a period of six months. The compound 
62 M. Zlateva 
used was calculated per kilogram of body weight, and each month the solution 
was corrected depending on the animals* weight. At the end of the experimen-
tal period, the animals (both laboratory and control in either of the age groups) 
were killed through decapitation, and myocardium and liver were prelevated 
Fig. 1. Perivascular edema. Staining with toluidine blue. Oc. 6.3, ob. 10. 
for study; they were fixed in 10 per cent neutral formol and absolute ethyl 
alcohol, and embedded in paraffin. Sections thick 4 microns were stained as 
follows: with hemalaun-eosin, after van Gieson for collagen connective tissue, 
after Gomori for reticular fibers, after Selye for fuchsinophilic necrosis, after 
Weigert for elastic fibers, after Brachet for RNA under ribonuclease control, 
after Seligman and Barnett for —SH groups, PAS reaction under control of 
alpha-amylase for glycogen and neutral mucopolysaccharides and toluidine 
blue pH 4. 
Small pieces of myocardium were freezed in dry ice, and from them cryo-
stat sections thick 15 microns were prepared, used for alkaline phosphatase 
; (AP) determination according to Gomori, adenosine triphosphatase (ATP) — 
according to Padycula and Herman, and succinic dehydrogenase (SDH) — 
according to M. Nachlas. 
The findings in the myocardium of sexually mature animals, poisoned with 
1 /20 L D 5 0 cupric sulfate, show blood stasis, varying in size hemorrhages scat-
tered among the musculature, edema and round-cellular infiltrates around the 
vessels. The branches of the coronary arteries are with thickened walls and 
narrowed lumen (Fig. 1). The arterioles show hyalinization, and the arteries 
are with fibrotic walls with all three layers being involved by fibrosis. A re-
duction of —SH groups and glycogen quantity is noted in the muscles and 
cells. A P and A T P activity in the walls of some of the vessels is decreased 
(Fig. .2). 
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A great number of myofibers display homogenized eosinophilic or slightly 
basophilic and fuchsinophilic protoplasm. Partial to complete necrosis of 
single muscle cells is likewise present. In the myofibers a general though un­
even reduction of the amount of glycogen and —SH groups is found. SDH ac­
tivity is lowered in a great пипЬзг of muscle cells. 
Fig. 2. Ununiformly pronounced AP .'activity in the vessels of the 
myocardium. Reaction according to Gomori. Oc 6.3, ob. 10. 
Proliferation of argyrophilic and collagen fibers is seen mostly around the 
vessels, and to a lesser extent diffusely within the myocardium; some of the 
fibers are thin and fine, whilst others are somewhat coarser and fragmented 
(Fig. 3). In many places, usually beneath the endocardium and epicardium, 
cicatrices displaying varying form and size are visible; some of them have 
already undergone full hyalinization, whereas others are rich in cell elements 
(histiocytes, lymphocytes, fibroblasts, fibrocytes), and among them single, 
rounded muscular cells with homogenized dense and strongly eosinophilic 
cytoplasm are noted. In these zones the AP activity is enhanced. 
The changes in animals intoxicated with 1/100 L D 5 0 are of analogical na-
ture, although they are less marked, and show exponential dependence on the 
sex maturity of animals. 
The findings in the liver show protein dystrophy and hemorrhages. The 
glycogen amount is substantially diminished, and in the hepatocytes of sexu­
ally immature animals it is virtually absent. The quantity of RNA and — S H 
groups is likewise heavily reduced. Also a moderate hyperplasia of the Kupf-
Jer's cells is noted. ' 
The obtained results show that cupric sulfate, similarly to other metal com­
pounds, exerts a noxious effect on the myocardial tissue. When continuously 
-administered* it ;ieads to inhibition of cell and tissue respiration. On the one 
iband,; this, nigit be explained: by the sclerotic processes within the coronary 
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vessels with ensuing vascular permeability disturbances. The hemorrhages 
and paravascular edema found are in favour of a preceding increase in vascus-
lar permeability. The altered vascular permeability, on its part, interferes 
with feeding, and leads to energetic processes' inhibition within the myocar-
Fig. 3. Proliferation of argyrophilic fibers around the vessels and dif-
fusely in the myocardium. Gomori reaction. Ос. 6 Д ob. 10. 
dium, corroborated also by the changes in AP activity, especially in the vas­
cular walls. On the other hand, the immediate effect of the metal cation on 
protein substances within the muscle cell proper, intercellular substance and 
connective tissues should be by no means ignored. The latter inference is 
reached on the basis of changes established in the correlation between single 
protein components in the aortic wall (1,3) and myocardium (1,7) of the same 
animals, changes whose essence is manifested by a reduction of the amount of 
soluble proteins and acid-soluble collagen, and by insoluble collagen increase. 
In all likelihood, the altered correlation between soluble and insoluble pro­
teins is conditioned by the formation of insoluble complexes • protein-copper'' 
where the soluble proteins are deprived of their activity, and thus conditions 
for a more intensive synthesis of insoluble collagen are created. A similar 
finding was also observed in the aortic wall upon treating laboratory animals 
with manganese and lead compounds (2), and in the myocardium — after zinc 
acetate treatment (1 , 3, 6, 7). 
Moreover, the direct action of cupric sulfate on the myocardium is corro­
borated by the reduced-SH groups' content. It is a well known fact that 
the latter determines the specific catalytic action of many of the enzymes par­
ticipating actively in the oxidation-reduction processes. The reduced SDH 
activity in the muscle cells of myocardium found by us, is a further evidence 
of changes in the oxidation processes. As the restilt of disturbed metabolism 
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and development of dystrophic processes some of the muscle cells die. In this 
way, within the myocardium preconditions are created both for a diffuse and 
paravascular neoformation of connective tissue, and for focal myocicatrices. 
Copper induced sibroplastic effect has been also observed in the oral mucosa 
of laboratory animals (8). 
It is interesting to note that histological changes in the myocardium of 
sexually immature animals are somewhat less pronounced than in sexually 
mature ones which may be related to the easier adaptation of younger animals 
to the toxic action of copper. 
Attention should be also called to the fact that the liver of laboratory 
animals is comparatively less affected than the myocardium. The assumption 
is warranted that copper, similarly to zinc (1 , 7), exerts a stronger effect on 
the heart. Certainly, the fact that changes in the heart have an irreversible 
character because of the rather limited capacity of myocardial tissue to rege­
nerate should not be overlooked. 
In conclusion, it might be stated that copper, like other metals, given 
a prolonged period of time although in small quantities, exerts a cardiotoxic 
and cardiosclerotic effect. 
Conclusions 
1. Continuous treatment of white rats with cupric sulfate causes coronary 
and cardiosclerosis. 
2. The degree of myocardiosclerosis is dependent on the dose of cupric sul-
ate administered. 
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МИ0КАРДИ0СКЛЕР03 ПРИ ХРОНИЧЕСКОЙ ИНТОКСИКАЦИИ 
* МЕДНЫМ СУЛЬФАТОМ 
• М. Златева 
> , Р Е З Ю М Е . :~ 
Проведено исследование миокарда подопытных животных, которым 
продолжительное время (6 мес.) вводили медный сульфат через зонд в же­
лудок.. Установлены коронаросклероз и очаговый и диффузный миокардио-
склероз, уменьшение количества S H групп и гликогена, а так же и актив-
юности СДХ мышечных клеток, фуксинофильная дегенерация и частичный 
или полней некроз некоторых из них. Изменения непосредственно зависят 
\от дозы. Так как в печени этих животных наблюдаются более легкие изме­
нения, следует допустить, что медь имеет более сильное токсическое воз­
действие на миокард. Наблюдаемые изменения связывают как с сосудиста 
обусловленной гипоксией, так и с прямым действием меди на мышечные 
клетки и белки междуклеточной субстанции. 
